Summary. The aim of the application of a PRP SOL complex of MIP bioactive compounds is to improve the soil characteristics by unblocking the potential of the nutrients in the soil and making them available to plants. This fertilizer is used for soil fertilization rather than crop nutrition. The research focused on evaluation of the yield of spring barley after the application of the PRP SOL technology in the fields of the Research and Education Center Gorzyń, at the Experimental Station in Złotniki, in 2007 to 2011. The purpose of the research was to compare the effects of spring barley fertilization technology by applying a complex of MIP bioactive compounds in the form of a PRP SOL fertilizer with the standard technology applying phospho-potassium fertilization. The five years of the research led to the conclusion that the traditional fertilization of spring barley plantations with phosphorus and potassium can be replaced with the technology applying the MIP complex without grain yield losses. However, the yield was not stable between years. In one of the five research years (2007) there was a significant increase (by 3.7 dt•ha -1 ), and in another (2010) a significant decrease (by 3.2 dt•ha -1 ) as a result of fertilizer use. The PRP SOL fertilizer may be particularly useful for malting barley due to the favourable increase in the share of lush grain fractions (larger than 2.5 mm) and simultaneous decrease in the share of smaller grains and due to the fact that the weight of 1 hl tends to decrease whereas the thousand grain weight tends to increase.
Introduction
The content of potassium in Polish soils ranges from 0.01% to 2% (from 300 to 60 000 kg potassium per 1 ha), whereas the content of phosphorus ranges from 0.01% to 0.2% (from 300 to 6000 kg phosphorus per 1 ha) (Dobrzański and Zawadzki, 1995) . However, these components are not available for plants. Otherwise, fertilization with these nutrients could have been abandoned many years ago. Ram et al. (2015) pointed out that only 0.1% of the total phosphorus exists in a soluble form available for plant uptake because of its fixation into an unavailable form. Phosphorus can be found in the forms which are unavailable for plants, such as FePO4 and AlPO 4 , whereas potassium is blocked in loamy minerals. Spring barley has relatively low demand for phosphorus and potassium, but the appropriate amount is necessary for the proper growth and development of plants. The soil pH strongly influences the yield of spring barley. According to American studies, when pH drops to 5.2, 5.1, 5.0, 4.9 and 4.8, the yield decrease by 7%, 17%, 26%, 36% and 46%, respectively can be expected (Mahler and Guy, 2007) . The optimal pH of soil for the development of this species is 5.3 or higher. The aim of the application of a PRP SOL complex of MIP bioactive compounds is to improve the soil characteristics by unblocking the existing potential of the components in the soil and making them available for plants nutrition (Hüttl and Fischer, 2004) . The manufacturer declares that the PRP SOL is used to fertilize the soil rather than plants. By its structurebuilding effect on the soil and by the stimulation of biological life the fertilizer gives plants access to enormous amounts of nutrients, which have been unavailable so far (Lipski, 2008) . The supportive substances in it, including the substances containing suitable microorganisms, enable appropriate control of the processes taking place in the soil. Hence the expectations, that the PRP SOL fertilizer may replace the phosphorus and potassium fertilization in all farmlands. If applying this type of fertilization would play the same role as given by the manufacturer it could be a good alternative for mineral fertilization in organic farming. Maikštėnienė and Maikštėnienė (2011) pointed out that the problem of phosphorus shortage, especially on clay loam cambisol of glacial lacustrine origin becomes most apparent, since low phosphorus content is a genetic characteristic of this soil type.
The granulate containing 32% CaO and 8% MgO is the active substance in the PRP SOL, which means that it is a calcium fertilizer with magnesium added, which also contains 3.5% of sodium (Na) and 3-5% of prefixes, with which 48 trace elements which are necessary for the normal growth and development of plants are entered into the soil (Krzywy, 2008) . The fertilizer can be used for all crops grown in the conventional and organic farming system, where the annual doses range between 150-300 kg per 1 ha.
The aim of the research was to compare the effects of the spring barley fertilization technology applying a complex of MIP bioactive compounds in the form of a PRP SOL fertilizer with the standard technology applying phosphorus-potassium fertilization.
The research hypothesis assumes that the replacement of phosphorus and potassium fertilization with the PRP SOL does not lead to reducing grain yield and does not disturb the growth and development of barley plants. . Response of spring barley to PRP SOL application as a complex of mineral inducer process (MIP). Nauka Przyr. Technol., 10, 2, #17. DOI: 10.17306/J. NPT.2016.2.17 3
Material and methods

Field trial
From 2007 to 2011 at the Experimental Station in Złotniki, belonging to Research and Education Center Gorzyń, Poznań University of Life Sciences, Poland, there were field experiments conducted. The effects of a complex of MIP bioactive compounds applied in the PRP SOL fertilizer in the growing of 'Antek' spring barley cultivar was evaluating. The GPS coordinates of the experiment were: N 52°29.193', E 016°20.569'. Spring barley was grown in a five-year crop rotation after potatoes, which were planted at the station without manure, where 350 seeds per 1 m 2 . The experiments were replicated four times in the field, applying the randomized block design. The research factor was the application of the PRP SOL fertilizer, which was applied into the soil in spring, after the sowing of barley, at annual dose of 220 kg•ha -1 (Table 1 ). The area of the plots for harvest equaled to 64 m 2 . Apart from the fertilization, all agrotechnical procedures were conducted according to the rules of correct spring barley agrotechnology. The soil of the experimental field is maintained in a good culture and it is classified as lessive earth soil. According to the soil agricultural usefulness, it belongs to complex 4 (very good rye complex), and according to the soil taxonomy, it belongs to class IVa (FAO, 2006) . The content of P 2 O 5 and K 2 O in the soil of the experimental field equaled to 14.9 and 13.8 mg per 100 g of soil, respectively and was classified a medium level. The soil pH was 5.5. P -potassium salt 60%, K -triple superphosphate 46%, N -ammonium nitrate 34%. P -60-procentowa sól potasowa, K -46-procentowy superfosfat, N -34-procentowa saletra amonowa.
Determination of physical traits and quality attributes
At the end of the tillering stage and at the beginning of the stem elongation stage (BBCH 30) the soil compaction was measured by means of a manual Eijkelkamp penetrometer, and since 2010 an Eijkelkamp Penetrologger SN penetrometer was used. At the end of the anthesis (BBCH 69) the leaf area index (LAI) was measured with a SunScan Canopy Analysis System type SS1 meter; the leaf greenness index (SPAD) was measured on the flag leaf with an N-Tester (Hydro). Additionally, the height of the plants was measured. At harvest time of barley the hectolitre weight and grain moisture . Response of spring barley to PRP SOL application as a complex of mineral inducer process (MIP). Nauka Przyr. Technol., 10, 2, #17. DOI: 10.17306/J. NPT.2016.2.17 4 were estimated with an electronic moisture meter with built-in scales. Then grain yield, number of spikes per square meter, number of grains per spike and thousand grain weight (TGW) were evaluated. The grains were fractioned by means of Vogel sieves, for all the treatments, with samples weighing 300 g. The sieves considered following diameters: 2.75, 2.5 and 2.25 mm. The quality parameters were estimated at the laboratory of the Department of Agronomy, Poznań University of Life Sciences, Poland.
Meteorological conditions
The hydrothermal coefficient of water supply was calculated for individual years according to Selyaninov's method based on the data from the meteorological station in Złotniki. The following formula was applied:
where:
K -the hydrothermal coefficient for individual months, M o -total monthly precipitation, D t -mean daily temperatures in a particular month.
Statistical analysis
The results of the five-year research were analysed statistically according to the procedure for orthogonal factorial experiments. The least significant difference (LSD) was verified with Student's t test at a level of P ≤ 0.05. For the analysed traits the characteristics of variation were also determined, such as standard deviation (SD), coefficient of variation (CV), and minimum and maximum values. Apart from that, the correlation and linear regression analysis were used. The significance of the Pearson linear correlation coefficients under investigation was estimated at a confidence level α = 0.05 (*significant difference) and α = 0.01 (**very significant difference).
Results and discussion
The research was conducted in the years which differed in the pattern of weather conditions during the vegetation period of spring barley. Šarauskis et al. (2013) pointed out that climatic conditions and plant characteristics in different countries of the world differ greatly, so it is desirable to present its influence on spring barley vegetation also in our region. Table 2 shows Selyaninov's hydrothermal coefficients, which indicate the periods of drought, semi-drought and relatively good humidity in individual years of the research. It is necessary to stress the occurrence of months with very low precipitation: April 2007 , May and June 2008 , April 2009 and June 2010 and a three-month spring drought period, which continued until 30 June 2011 and which was followed by very heavy rainfall in July.
Sulewska, H., Koziara, W., Szymańska, G., Niewiadomska, A., Panasiewicz, K., K > 1.5 -moisture for all plants excessively wet, K from 1.01 to 1.5 -sufficient moisture, K from 0.5 to 1.0 -insufficient moisture, K < 0.5 -moisture lower than the requirement of the most crops (drought).
K > 1,5 -uwilgotnienie dla wszystkich roślin nadmierne, K od 1,01 do 1,5 -uwilgotnienie dostateczne, K od 0,5 do 1,0 -uwilgotnienie niedostateczne, K < 0,5 -uwilgotnienie mniejsze od wymagań większości roślin (susza).
The soil compaction in the spring barley plantation was measured in four of the study years, at three depths. The measurements did not prove a significant influence of the MIP complex on changes in the soil compaction measured in the arable layer (Table 3) . Only in 2008 the application of the PRP SOL was proved to result in a significant decrease in the compaction of the soil layer at a depth of 10 cm, whereas all the other variations, regardless of the research year and measurement depth were statistically insignificant. These significant differences in 2008 may be due to wet weather conditions in April which also Janušauskaitė et al. (2013) pointed out in their investigation. The authors proved that varietal and stand density of spring barley effect on photosynthetic rate, transpiration rate, and instantaneous water use efficiency was more strongly expressed in wet conditions (2008) mentioning that in 2008 and 2010 at a depth of 20 cm the decreasing compaction tendency was proved, whereas in 2009 this tendency was observed at a depth of 30 cm. In other studies the application of the PRP SOL in maize caused a significant increase of the soil density but only in deeper layers (10-30 cm) (Sulewska et al., 2013a) . On the other hand, when the PRP SOL was applied in rape, there was a significant soil loosening observed in the shallowest layer and the same tendency in both deeper layers as a mean of the research years (Sulewska et al., 2013b) . Different responds in the soils under different crops may have been caused by the interaction of their root secretions with the soil environment. The height of barley plants was evaluated during the four years of the research (Table 4). The application of the PRP SOL did not have significant influence on this feature and the resulting growth in three years did not exceed 0.3 cm. Only in 2011 it was 2.6 cm. Similarly, in the research on maize (Sulewska et al., 2013a ) the plants grown with the complex of MIP bioactive compounds did not differ significantly in height from the plants which were traditionally fertilized with phosphorus and potassium. However, the application of the PRP SOL in winter rape led to the average lengthening of the plants by 4.8 cm during four years, which was statistically proved (Sulewska et al., 2013b) . The test based on the positive relationship between the contents of nitrogen and chlorophyll in leaves is an indirect method of plants' nitrogen nutrition status assessment by means of Hydro N-Tester optical device, which can be used in a field without plant damage. The apparatus determines the leaf greenness index in SPAD units, which is the quotient between light absorption at 650 and 940 nm wavelengths. The light at the wavelength of 650 nm is absorbed by chlorophyll, whereas the light at the wavelength of 940 nm by the leaf tissue (Machul and Jadczyszyn, 2005) . The SPAD measure is useful for nitrogen top dressing advisory for rice, maize and cereals (Blackmer and Schepers, 1995) . This fact is also confirmed by the research conducted by Szulc et al. (2012) , where they report that the yield of maize grain depends on such factors as nitroSulewska, H., Koziara, W., Szymańska, G., Niewiadomska, A., Panasiewicz, K., . Response of spring barley to PRP SOL application as a complex of mineral inducer process (MIP). Nauka Przyr. Technol., 10, 2, #17. DOI: 10.17306/J. NPT.2016.2.17 7 gen nutrition status, expressed in SPAD units, and determined at early stages of maize plant development (BBCH 15-16) .
The greenness index of barley leaves (SPAD) was assessed on the flag leaf at the end of the flowering stage (BBCH 69) and at the beginning of grain milk maturity (BBCH 71). During three of the four research years the index increased as a result of the application of the PRP SOL and over the four years the average increase in units was 26.4 SPAD ( Table 4) . Similarly Janušauskaitė (2009) found chlorophyll index in triticale foliage to be significantly influenced by nitrogen fertilization at all growth stages with the significance of the effect in all cases at 99% probability level. In 2011, due to the drought which lasted for three months the response of barley plants was different and the greenness index in the control treatment was significantly greater than after the application of the PRP SOL technology. This technology led to increase of the variation of SPAD units amount in the research years, where a favourable growth in its maximum values coincided with a drop in its minimum values (Table 7) . Also, in the studies on potatoes (Sulewska et al., 2012) , maize (Sulewska et al., 2013a ) and winter rape (Sulewska et al., 2013b ) a similar plant response type to this fertilization technology was observed.
The leaf area index characterizes the assimilation area, which is capable of PAR absorption and indirectly lead to biomass growth (Lepiarczyk et al., 2005) . All green plants contribute to primary production by photosynthetic activity in leaves that play a major role in this process. Therefore, an adequate leaf area is critical to plant constant primary production (Budakli Carpici, 2011) . In theory, the higher LAI index value, the greater biomass production and farming yield should be, because according to some authors it is directly related to the LAI value (Czerednik and Nalborczyk, 2000 in Biskupski et al., 2012) . According to Jameison et al. (1995) , the optimal leaf area index (LAI) for cereal plants at the heading stage should be about 4. In our study the LAI was assessed during the three years of experiments (2009) (2010) (2011) (Table 4 ) and a minimal, statistically insignificant increase in the barley leaf area was proved as a result of the application of the PRP SOL. However, the results observed in the individual years did not show a specific trend, because once in dry conditions there was observed a decrease and twice there was an increase in the value of this trait. These decrease was significant due to the atypical period of time in view of the three-month drought in 2011. Also, in growing of other crops (potatoes, maize, rape) the LAI values were not significantly dependent on the applied fertilization technology (Sulewska et al., 2012 (Sulewska et al., , 2013a (Sulewska et al., , 2013b . In the study on winter wheat conducted by Oleksy et al. (2009) the leaf area index (LAI) was significantly correlated with the grain yield both in the intensive and standard farming technology. The correlation at the heading stage was stronger (0.92-0.93) than at the stage of grain filling (0.84-0.87). Also, in our research on spring barley there was a positive and statistically significant correlation between grain yield and LAI index. It equaled to 0.43* in the control treatment and to 0.96** when the PRP SOL was applied (Table 5) . On the other hand, Biskupski et al. (2007) proved a negative correlation (-0.76*) between the grain yield and leaf area index in their research on spring wheat. The regression analysis proved a linear dependence between LAI index and grain yield and the application of the PRP SOL strengthened this correlation. As can be seen, when the traditional fertilization with phosphorus and potassium was applied, determination coefficients equaled to 0.77, whereas it amounted to 0.93 in the treatments fertilized with the PRP SOL (Table 5 ). This analysis points to a very strong, yield-stimulating influence of the area of leaves. One unit of LAI increased grain yield by 8.35 dt•ha -1 in the control treatment and by 10.17 dt•ha -1 when the PRP SOL was applied. The barley grain moisture during harvesting was not significantly dependent on the application of the PRP SOL (Table 4) . When the fertilizer under discussion was applied, the moisture dropped by 0.1% on average. It is necessary to stress the fact that in none of the five years of the research the influence of the fertilizer on this trait was statistically proved. In the other studies of Sulewska et al. (2013b) the application of a complex of MIP bioactive compounds in maize extended the plant vegetation, which was manifested by significantly greater (by 0.5% on average) grain moisture at harvest. Similarly, when the PRP SOL was applied in rape growing, the grain moisture increased by 0.7% on average, but this observation was not statistically proved (Sulewska et al., 2013b) .
In the study by Dubis et al. (2012) after the application of a similar dose of nitrogen barley grain yield reached 6.72 dt•ha -1 and was significantly higher than in our research ( Table 6 ). In that study spring barley was grown on much better soil of the good wheat complex, which explains such a big difference in the yield level. Also, in the studies by , and this was a result of the higher number of productive spikes per area unit. This level of optimal N doses for malting barley is also confirmed by the other authors (Błażewicz and Liszewski, 2003; Koziara et al., 1998; Małecka and Blecharczyk, 2008) .
In all study years the grain yield of barley was also lower than in the model used in the investigations by COBORU (Research Centre for Cultivar Testing) (COBORU, 2010 (COBORU, , 2012 . Under conditions of two different cultivation technologies the yield of barley grain was similar. In our study, after the application of the PRP SOL a not significant increase of 0.02 dt•ha -1 (Table 6 ) was observed. In general, the PRP SOL technology enables replacement of the phosphorus and potassium fertilization in spring barley growing. However, as a consequence of the weather conditions in 2010 the barley grain yield in this technology decreased by 3.2 dt•ha -1 in comparison with the control treatment. However, it is difficult to show the direct cause of such a considerable decrease of barley yield. The fertilization of the other crops with PRP SOL also resulted in yield decrease in some years. Application of this fertilization technology in potato was very favourable due to an increasing tendency of tubers yield in the four research years, besides a slight decrease in one of the years (by 4 dt•ha -1 ) (Sulewska et al., 2012) . In maize during the four study years the increase in grain yield ranged from 6.1 to 11.9 dt•ha -1 , but in 2011 with dry spring year it decreased by 10.7 dt•ha -1 (Sulewska et al., 2013a) . On the other hand, the response of winter rape to the fertilizer was not favourable, due to the decrease of grain yield in three of five research years and decrease ranged from 0.19 to 8.81 dt•ha -1 . In the other two years the fertilizer increased grain yield by 1.16 and 1.42 dt•ha -1 (Sulewska et al., 2013b) . The application of the PRP SOL fertilizer in barley led to a greater variation in grain yield between individual years than in the control treatment (Table 7) . The variation resulted from the increase of the range between minimum and maximum values of yield in PRP SOL treatment.
The number of spikes per square meter did not vary significantly due to the use of the PRP SOL (Table 6 ). However, in three of the five research years when the PRP SOL was applied a slight increasing tendency in the number of spikes was observed, but in 2009 and 2011 a decrease was noted. The number of spikes per square meter was the only yield component whose value decreased after the application of the fertilizer under investigation. On the other hand, the application of the PRP SOL stabilized the variation in this trait between study years, as can be seen from the lower value of the coefficient of variation than in the control treatment (Table 7) . Apart from that, PRP SOL favourable increased the minimum values of the trait what coincided with a decrease of its maximum value.
The application of the PRP SOL technology led to a mean increase of the number of grains per spike by 0.5, however it was not statistically proven (Table 6 ). Such a favourable tendency was observed in four of the five research years and the increase fluctuated from 0.3 to 2.1 grains per spike. Only the conditions in 2010 caused a decreasing tendency in this number. The application of the PRP SOL in spring barley reduction the variability of this trait between the research years, causing a simultaneous increase of its minimum and maximum values (Table 7) . For number of grains per spike SD indicates greater variation in PRP SOL treatments. On average of the five research years PRP SOL did not significantly affect barley's thousand grain weight. There was only a slight increase, by 0.4 g, observed in this value (Table 6 ). After the application of the fertilizer in the individual years the variation tendencies did not show a specific direction of the trend. Only in 2007 weather conditions enabled a significant increase in the TGW, by 3.9 g on average, in consequence of the application of the PRP SOL technology. On the other hand, during the other years of the research the variation was minimal. Decreased SD and CV indicates that the application of the PRP SOL stabilized the TGW value and favourably increased both its minimum and maximum values (Table 7) . Barczak and Majcherczak (2008) used the analysis of correlation and proved the strongest relationship between grain yield of spring barley grains and the density of spikes. The second most significant factor decisive to the grain yield was the number of grains per spike. In their investigations sulphur fertilization did not noticeably change the dependence of the yield on its components. In our research, the yield obtained from the plants which were traditionally fertilized with phosphorus and potassium (the control treatment) was significantly correlated with the number of grains per spike. But when the PRP SOL was applied, grain yield was not significantly affected by the yield components (Table 8 ). In turn, Janušauskaitė et al. (2009) using polynomial correlation model found a strong and significant correlation between the yield of spring barley varieties and foliage chlorophyll index measured at various growth stages (R = Sulewska, H., Koziara, W., Szymańska, G., Niewiadomska, A., Panasiewicz, K., 0.612**). In our study such a strong and significant relationship between the yield of spring barley and leaf greenness index was obtained when the PRP SOL was applied.
In the synthesis for 2007-2011 the weight of 1 hl did not significantly depend on the application of the PRP SOL (Table 6 ). In consequence, the value of this trait tended to decrease (by 1.7 kg•hl -1 ), which was favourable for brewing. This trend was observed in three of the five research years and the drops in the value of the trait under discussion ranged from 1.0 kg•hl -1 (2008) to 6.9 kg•hl -1 (2009). On the other hand, in 2007 and 2011 the opposite tendency was observed. PRP SOL increased the weight of 1 hl by 0.1 and 0.2 kg, respectively. The application of the PRP SOL limited the variability of this trait. It also slightly increased its minimum but decreased its maximum value (Table 7) .
The application of the PRP SOL technology in spring barley significantly increased the share of the largest grain fractions with the diameters exceeding 2.75 mm by 3.1%, which is favourable to brewing (Table 9 ). On the other hand, the share of finer grain fractions of 2.5 mm and 2.25 mm diameter and smaller grains decreased respectively by 0.3%, 1.7% and 1.1%. 2. PRP SOL can be particularly useful in malting barley due to the favourable increase of the share of lush grain fractions (larger than 2.5 mm) and simultaneous decrease of the share of smaller caryopses and due to the fact that the weight of 1 hl tends to decrease whereas the TGW tends to increase.
